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The spectroscopic techniques are very effective and sensitive tool for study of atomic and molecular structure and also used 
for qualitative and quantitative analysis of compounds. The Fourier transform infrared and Fourier transform Raman spectra of 
Trimethyl hydroquinone have been recorded in the region 4000-400 cm-1 and 3500-50 cm-1 respectively.  The equilibrium 
geometry harmonic vibrational frequencies, infrared intensities  and Raman scattering activities were calculated with Density 
Functional B3LYP method with 6-31+G(d,p) and 6-311++G(d,p) basis set combination.  A detailed interpretation of the infrared 
and Raman spectra of Trimethylhydroquinone is reported. Our calculated vibrational frequencies are in good agreement with 
experimental wavenumbers. 
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Introduction 
Hydroquinone has been a widely studied 
molecular system because of its diverse commercial 
and technological applications [1-10].  It is one of the 
three isomers of the dihydroxy benzene the para-
hydroquinone the other two being, ortho hydroquinone 
(Pyrocalechhol) and meta-hydroquinone (resorcinol). 
Consideration of these factors motivated to study the 
vibrational aspects of the Trimethylhydroquinone.  For 
that, the FTIR and FT Raman spectra of 
Trimethylhydroquinone were recorded and a complete 
vibrational analysis is proposed for the better 
understanding of physical and chemical properties of 
the title compound. 
For the proper understanding of IR and Raman 
spectra, a reliable assignment of all vibrational bands is 
essential.  For this purpose, the quantum chemical 
methods, ranging from semi empirical to DFT 
approaches, are invaluable tools [11-13], each method 
having its own advantages.  The semi empirical 
calculations provide very fast and in certain 
circumstances fairly good theoretical results, being 
applicable to large molecular systems.  The Hartree-
Fock, ab-initio methods are able to give good results 
provided a reasonable basis set and an appropriate 
correlation treatment are taken into account.  On the 
other hand, DFT methods have evolved to a powerful 
quantum chemical tool for the determination of the 
electronic structure of molecules.  In the frame work of 
DFT approach, different exchange and correlation 
functions are routinely used.  Among these, the B3LYP 
combination [14, 15] is the most used since it proved 
its ability in reproducing various molecular properties, 
including vibrational spectra.  In the present work, we 
apply the density functional theory to study the 




Spectroscopically pure sample of 
Trimethylhydroquinone was purchased from Lancaster 
Chemical Company, UK and used as such without any 
further purification.   
The FT-Raman spectrum of TMHQ was recorded 
using 1064 nm line of Nd:YAG laser as excitation 
wavelength in the region 50-3500 cm-1 on the 
BRUCKER IFS-66 V spectrophotometer equipped with 
FRA 106 Raman module. 
The room temperature FTIR spectrum of the title 
compound was recorded in the 400-4000 cm-1 region 
at a resolution of ± cm-1 using a BRUCKER IFS-66 
spectrometer using KBr pellet. 
 
Computational details 
Quantum chemical density functional calculations, 
the molecular geometry optimizations, energy and 
vibrational frequency calculations were carried out for 
Trimethyl hydroquinone with the GAUSSIAN 2003 
window software package [16] using the Becke-3-Lee-
Yang-Parr functions [14,15] supplemented with the 
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standard  6-31+G and 6-311+G basis sets. All the 
parameters were allowed to relax and all the 
calculations converged to an optimized geometry, 
which corresponds to a true energy minimum, as 
reveled by the lack of imaginary values in the wave 
number calculations.  The Cartesian representation of 
the theoretical force constants have been computed at 
the fully optimized geometry by assuming  Cs point 
group symmetry.  The transformation of force field from 
Cartesian to internal local symmetry coordinates the 
scaling, the subsequent normal coordinate analysis 
(NCA), and calculation of prediction of IR and Raman 
intensities were done on a PC with the MOLVIE 
program (version V7.0-G77) written by Sundius [17-19] 
The symmetry of the molecule was also helpful in 
making vibrational assignments.  The symmetries of 
the vibrational mode were determined by using the 
standard procedure [20] of decomposing the traces of 
the symmetry operation into the irreducible 
representations.  The symmetry analysis for the 
vibrational modes of Trimethylhydroquinone is 
presented in some details to describe the basis for the 
assignments. 
 
Prediction of Raman intensities 
The Raman activities (Si) calculated with the 
GAUSSSIAN 2003 program and adjusted during the 
scaling procedure with MOLVIB were subsequently 
converted to relative Raman intensities (Ii) using the 
following relationship derived from the basis theory of 
Raman scattering [21, 22]  
                            
(1) 
where γo is the exciting frequency (in cm-1 units), γi 
is the vibrational wavenumber if the ith normal modes, 
h,c,k are fundamental constants and f is a suitable 
chosen common normalization factor for all peak 
intensities. 
 
Result and Discussions 
Molecular geometry 
The molecular structure of the 
Trimethylhydroquinone is shown in Fig 1.  The global 
minimum energy obtained by the DFT structure 
optimization for the Trimethylhydroquinone is 
calculated using B3LYP as –500.67415822 Hartrees 
for 6-31+G(d, p)  and -500.78100621 Hartrees for 6-
311++G (d, p).  The calculated optimized geometrical 





















Table 1. Optimized geometrical parameters of Trimethylhydroquinone obtained by B3LYP/6-31+G (d,p)and B3LYP/6-311++G (d,p)  
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C1 - C2 1.4051 1.4003 C1 - C2 - C3 118.2179 118.3296 
C2 - C3 1.4151 1.4120 C2 - C3 - C4 119.0742 119.3293 
C3 - C4 1.4056 1.4004 C3 - C4 – C5 122.4663 122.1090 
C4 – C5 1.4024 1.4007 C4 – C5 – C6 117.6995 117.8039 
C5 – C6 1.3935 1.3891 C5 – C6 – C1 120.9459 121.1443 
C6 – C1 1.3938 1.3923 C6 – C1 – C2 121.5954 121.2415 
C1 – O7 1.3800 1.3787 C1 – O7 – H8 110.4402 110.0772 
O7 – H8 0.9645 0.9612 C2 – C9 – H10 110.4016 112.4929 
C2 – C9 1.5144 1.5136 C2 – C9 – H11 113.1099 111.4527 
C9 – H10 0.9643 1.0972 C2 – C9 – H12 111.4636 112.0923 
C9 – H11 1.0892 1.0956 H10 – C9 – H11 111.6929 107.5343 
C9 – H12 1.0991 1.0894 H11 – C9 – H12 106.4264 105.5410 
C3 – C13 1.5150 1.5140 H10 – C9 – H12 106.2193 107.3453 
C13 – H14 1.0993 1.0965 C3 – C13 – H14 107.5562 111.2997 
C13 – H15 1.0992 1.0974 C3 – C13 – H15 111.6875 112.2655 
C13 – H16 1.0889 1.0884 C3 – C13 – H16 112.9768 112.3279 
C4 – O17 1.3823 1.3804 H14 – C13 –H15 111.5011 107.5771 
C17 – H18 1.0991 0.9613 H15 – C13 – H16 107.6180 107.2396 
C5 – C19 1.5075 1.5061 H14 – C13 – H16 106.4675 105.7706 
C19 – H20 1.0958 1.0940 C4 – O17 – H18 106.2264 110.0874 
C19 – H21 1.0933 1.0939 C5 – C19 – H20 111.2429 111.1577 
C19 – H22 1.0958 1.0913 C5 – C19 – H21 110.7439 111.2214 
C6 – H23 1.0857 1.0839 C5 – C19 – H22 111.2491 110.7513 
   H20 – C19 – H21 108.4615 106.5560 
   H21 – C19 – H22 108.4606 108.5034 
   H20 – C19 – H22 107.5283 108.5013 
   C1 – C2 – C9 117.8891 119.4357 
   C3 – C2 – C9 123.8929 122.2347 
   C2 – C3 – H13 123.3415 122.0967 
   C4 – C3 – C13 117.5843 118.5739 
   C3 – C4 – O17 121.8275 122.0828 
   C5 – C4 – O17 115.7062 115.8080 
   C4 – C5 – C19 120.4088 120.3274 
   C6 – C5 – C19 121.8917 120.8683 
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   C5 – C6 – H23 120.4661 120.4268 
   C1 – C6 – H23 118.5871 118.4290 
   C6– C1 – O7 116.1080 115.9877 
   C2 – C1 – O7 122.2965 122.7698 
           For numbering of an atom refer Fig. 1 
 
 
Table 2. Definition of internal co-ordinates of Trimethylhydroquinone 
 
No. (i) Symbol Type Definition 
Stretching 
1  ri C - H C5 –H23 
2-10 ri C – H 
(Methyl) 
C9 –H10, C9 –H11, C9 –H12, C13 –H14, C13 –H15, C13 –H16,  
C19 –H20, C19 –H21, C19 –H22, 
11-19 Ri  C - C C1 - C2, C2 – C3, C3 – C4, C4 – C5, C5 – C6, C6 – C1,C2 – C9,  
C3 – C13, C5 – C19. 
20,21 Qi C - O C1 – O7, C4 – O17. 
22,23 Pi  O - H O7 – H8, O17 - H18 
Bending 
24 - 29 βi Ring 1 C1 – C2 - C3, C2 - C3 - C4, C3 - C4 – C5, 
C4 – C5 – C6, C5 – C6 - C1, C6 - C1 - C2 
30 - 31 αi C - C - H C1 – C6 – H23, C5 – C6 – H23. 
32 - 40 αi C - C – H 
(Methyl) 
C2 – C9 - H10, C2 – C9 - H11, C2 – C9 - H12, C3 – C13 - H14,  
C3 – C13 - H15, C3 – C13 - H16, C5 – C19 – H20, C5 – C19 – H21,  
C5 – C19 – H22 
41 -49 σi H - C - H H10 – C9 - H11, H11 – C9 - H12, H10 – C9 - H12, H14 – C13 - H15, 
H15 – C13 - H16, H14 – C13 - H16, H20 – C19 – H21, H21 – C19 – H22,  
H20 – C19 – H22. 
50 - 53 θi C – C - O C2 – C1 – O7, C6 – C1 – O7, C3 – C4 – O17, C5 – C4 – O17, 
54 - 57 εi C – O - H C1 – O7 – H8, C4 – O17 – H18, H8 – O7 – C1, H18 – O17 – C4, 
58 - 63 φi C - C - C C1 – C2 – C9, C3 – C2 – C9, C2 – C3 - C13, 
C4 – C3 - C13, C4 – C5 - C19, C6 – C5 - C19. 
Out-of-plane bending 
64 ωi  C - H H23 – C6 – C1 – C5,  
65 - 67  πi C - C C9 – C2 – C1 - C3, C13 – C3 – C2 – C4, C19 – C5 – C4 – C6. 
68,69 ρi      O - C O7 – C1 – C2 – C6, O17 – C4 – C3 – C5 
70,71 γi O - H H8 – O7 - C1 – (C2, C6), H18 – O17 – C4 – (C3, C5). 
Torsion 
72 - 77 τi τ Ring 1 C1 – C2 - C3 - C4, C2 - C3 – C4 – C5, C3 - C4 – C5 – C6,  
C4 – C5 – C6 - C1, C5 – C6 – C1 – C2, C6 – C1 – C2 – C3. 
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78 - 80 τI τ C – CH3 (C1, C3)- C2 – C4 – (H10, H11 H12) 
(C2, C4)- C3 – C13 – (H14, H15 H16) 
(C4, C6)- C5 – C19 – (H20, H21 H22) 
                               For numbering of an atom refer Fig. 1 
 
Table 3. Definition of local symmetry co-ordinates of Trimethyl-Hydroquinone 
 
No. (i) Symbol Definition 
1  CH r1 
2 - 4 CH3 SS (r1+ r3+ r4)/ ,(r5+ r6+ r7)/ ,(r8+ r9+ r10)/ , 
5 - 7 CH3 ips (2r1+ r3+ r4)/ 6 ,(2r5+ r6+ r7)/ 6 ,(2r8+ r9+ r10)/ 6 , 
8 - 10 CH3 ops (r3-r4)/ 2 , (r6-r7)/ 2 , (r9-r10)/ 2   
11 - 19 CC R11, R12, R13, R14, R15, R16, R17, R18, R19. 
20,21 CO Q20, Q21 
22,23 OH P22, P23 
24 R trigd (β24- β25+β26- β27+ β28-β29)/ 6  
25 R symd (-β24- β25+2β26- β27- β28-+2β29)/ 12  
26 R asymd (β24- β25+ β27- β28)/2  
27 bCH (α30 - α31)/ 2  
28 - 30 CH3 Sb (-α32 - α33-α34+σ35+ σ 36 + σ 37)/ 6  
(-α38 - α39-α40+σ41+ σ 42 + σ 43)/ 6  
(-α44 - α45-α46+σ47+ σ 48 + σ 49)/ 6  
31 - 33 CH3 ipb (-σ35-σ 36-2σ 37)/ 6 , (-σ41-σ 42-2σ 43)/ 6 ,  
(-σ47-σ 48-2σ 49)/ 6  
34 - 36 CH3 opb (σ35-σ36)/ 2 , (σ41-σ42)/ 2 , (σ47-σ48)/ 2  
37 - 39 CH3 ipr (2α32-α33-α34)/ 6 , (2α38-α39-α40)/ 6 ,  
(2α44 - α45-α46)/ 6 , 
40 - 42 CH3 opr (α33 - α34)/ 2 , (α39 - α40)/ 2 , (α45 - α46)/ 2  
43,44 b CO (θ50 - θ51)/ 2 , (θ52 - θ53)/ 2   
45,46 b OH (ε54-ε55)/ 2 , (ε56-ε57)/ 2   
47 - 49 b CC (φ58- φ59)/ 2 , (φ60- φ61)/ 2 , (φ62- φ63)/ 2  
50 ω CH ω64 
51 - 53 ω CC π65, π66, π67 
54,55 ω OC ρ68 , ρ69 
56,57 ω OH γ70, γ71 
58 t R trigd (τ72 - τ73 + τ74 - τ75 + τ76 - τ77) / 6  
59 t R symd (τ72 - τ74 + τ75 - τ77) / 2  
60 t R asymd (-τ72 + 2τ73 - τ74 - τ75 + 2τ76 - τ77) / 12  
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Table 4. Assignment of fundamental vibrational of Trimethythydroquinone by normal mode analysisbased on SQM force field calculations 






















































A’ 3250(s) - 3852 3856 3252 1.0657 1.0657 9.3179 9.3339 55.056
4 
62.6128 93.6224 120.4833 ν OH 
A’ - 3025(w) 3850 3854 3029 1.0656 1.0655 9.3042 9.3261 52.690
1 
52.5072 54.6937 23.0075 ν OH 
A’ - 2950(s) 3199 3182 2945 1.0911 1.0908 6.5796 6..5069 6.6659 5.8606 109.8671 107.5332 ν CH 
A’ 2912(w) - 3168 3132 2908 1.0869 1.0897 6.4271 6.2967 26.304
0 
15.7891 87.1636 71.5464 CH3 ips 
A’ - 2875(vw) 3150 3113 2780 1.0926 1.0926 6.3877 6.2371 4.6042 10.7156 29.3814 52.3648 CH3 ips 
A’ 2853(vw) - 3124 3108 2852 1.1026 1.1020 6.3398 6.2708 18.790
0 
18.0624 68.8376 66.5514 CH3 ips 
A’ 2815(w) - 3093 3076 2813 1.1003 1.0998 6.2018 6.1292 15.669
9 
15.9571 94.8621 96.5916 CH3 ss 
A’ 2785(w) 2784(vw) 3052 3049 2785 1.1009 1.0977 6.0412 6.0111 32.096
8 
22.0517 70.6946 94.0486 CH3 ss 
A’ - 2750(w) 3051 3040 2743 1.1009 1.0996 6.0375 5.9886 9.8690 21.2161 129.3076 89.6446 CH3 ss 
A’ - 1625(m) 3039 3028 1624 1.0362 1.0360 5.6397 5.5966 35.857
5 
32.4899 257.6737 280.6312 ν CC 
A’ 1600(s) - 3011 3005 1597 1.0463 1.0460 5.5884 5.5643 30.990
0 
40.2583 382.2802 297.5690 ν CC 
A’ - 1585(m) 3009 3001 1580 1.0449 1.0453 5.5737 5.5459 51.244
8 
36.9836 75.8294 204.9852 ν CC 
A’ 1572(vw) - 1672 1664 1576 6.8559 6.7365 11.2861 10.9878 1.8422 2.3779 28.9709 29.7357 ν CC 
A’ 1554(vw) - 1639 1632 1557 6.0656 6.1422 9.6022 9.6407 11.897
9 
14.2879 13.2063 12.9735 ν CC 
A’ - 1529(vw) 1538 1537 1526 1.7139 1.3187 2.3880 1.8355 20.574
5 
15.7864 2.6017 3.1897 ν CC 
A’ 1522(m) - 1512 1515 1524 1.3583 1.5509 1.8436 2.0968 96.117
5 
67.7410 1.1390 2.2357 ν CC 
A’ - 1515(vw) 1506 1508 1515 1.0459 1.3712 1.3973 1.8366 12.459
3 
39.8992 16.7789 2.6050 ν CC 
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Abbreviations: ν - stretching; b - in-plane bending; ω - out-of-plane bending; asymd - asymmetric; symd - symmetric; t - torsion; trig - trigonal; 
w - weak; vw-very week; vs - very strong; s - strong; ms - medium strong; ss - symmetric stretching; ass - asymmetric stretching; ips - in-




The 63 normal modes of Trimethylhydroquinone 
are distributed amongst the symmetry species as 
3N - 6  = 43A’ (in-plane) + 20 A” (out-of-plane, in 
agreement with Cs symmetry.  All the vibrations are 
active both in the Raman scattering and infrared 
absorption. 
The observed and calculated frequencies of   
Trimethylhydroquinone are compared with B3LYP/6-
31+G (d,p) and B3LYP/6-311++G(d,p)  are 
summarized in Table 4.  The detailed vibrational 
assignments of fundamental modes of 
Trimethylhydroquinone along with the calculated IR 
and Raman intensities and normal mode descriptions 
are reported in Table.4     
The FTIR and FT Raman spectra of the 




































































































































































































































































































































































































































The substituted benzene gives rise to C-H 
stretching.  C-H in-plane bending and C-H out-of-plane 
deformations. The heteromatic structure shows the 
presence of C-H stretching vibrations in the region 
3000 – 3100 cm-1 which is the characteristic region for 
the ready identification of such stretching vibrations [23, 
24].  Accordingly in this study the C-H vibrations of the 
Trimethylhydroquinone are observed at 2950 cm-1 in 
FT-Raman.  The C-H in-plane and out-of-plane 
bending vibrations have also identified and listed in 
Table 4. 
   
C-C vibrations 
The bands between 1400 and 1650 cm-1 in the 
aromatic and hetero aromatic compounds are assigned 
to C-C stretching vibrations [25, 26].  Therefore, the C-
C stretching vibrations of the Trimethylhydroquinone 
these vibrations are found at 1600, 1572, 1554, 1522 
cm-1 in the FTIR and 1625,1585, 1529,1515, 1487 cm-1  
in the FT-Raman spectrum.   In the present study the 
ring in-plane and out-of-plane bending vibrations are 
made for the title compound by careful consideration of 
their qualitative descriptions. 
 
C-O vibrations 
The presence of the carbonyl group in a molecule 
often gives rise to the appearance of the medium 
intensity band in the single bonded stretching region 
1350-1200 cm-1.  Hence in this study the FT-Raman 
bands observed at 1350, 1235 cm-1 in 
Trimethylhydroquinone have been assigned C-O 
stretching modes of vibrations.  The in-plane and out-
of-plane vibrations of C-O group are in very good 




For the assignments of CH3 group frequencies, 
nine fundamental vibrations can be associated to each 
CH3 group.  Three stretching, three bending, two 
rocking modes and a single torsional mode describe 
the motion of the CH3 group.  CH3 group frequencies 
Raghothaman/Rec Res Sci Tech 2 (2010) 12-21 
 
are present in the Trimethylhydroquinone compound 
and the above modes defined in Table.  
The CH3 symmetric stretching frequency is 
established at 2815, 2785 cm-1 in FTIR and 2784, 2750 
cm-1 FT-Raman.  The CH3 symmetric bending 
frequencies are attributed at 1390, 1375 cm-1 and 1385 
cm-1 in FTIR and FT-Raman respectively.  The in-plane 
rocking found at 948, 924 cm-1 in FTIR and 935 cm-1 in 
FT-Raman. The out-of-plane rocking modes of CH3 
group are found at 965,953 cm-1 in FTIR and 915 cm-1 
in FT-Raman.  The bands obtained at 2518 cm-1 in 
FTIR and 2552, 2520, 2412 cm-1 in FT-Raman are 
assigned to CH3 out-of-plane stretching. The out-of-
plane bending modes are assigned at 1215, 1115 cm-1 
in FT-IR and 1128 cm-1 in  FT-Raman respectively. The 
assignment of band at 250, 242, and 230 cm-1 in FT-
Raman are attributed to CH3 twisting mode. 
Conclusions 
The optimized geometries, harmonic vibrational 
wave numbers and intensities of vibrational bands of 
Trimethylhydroquinone have been determined using 
Density Functional Theory -B3LYP/6-31+G(d,p) and 
B3LYP/6-311++G(d,p) level calculations. This DFT 
based quantum mechanical approach provides the 
most reliable theoretical information on the vibrational 
properties of the molecule.  In the present 
investigations, normal modes of Trimethylhydroquinone 
have been studied by FTIR and FT-Raman 
spectroscopies on the basis of Cs point group 
symmetry.  The assignments of most of the 
fundamentals provided in the present work are 
believed to be unambiguous. 
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